In this study, tensile, inter-granular corrosion, and impacting tests were carried out to investigate the mechanical property characteristics of X65MO-316Lclad hot rolled coil trial produced by 2250mm hot continuous rolling line, which is applied for the manufacture of offshore line pipe. SEM (Scanning Electron Microscope), TEM (Transmission Electron Microscope) were also used to observe and reveal the microstructure and inclusion of base metal and clad metal. Results show that all the mechanical properties of trial produced clad coil can meet the requirement of specification, and the shear strength reaches about 420MPa. The microstructure of X65MO (base metal) mainly consists of quasi-polygonal ferrite and acicular ferrite with refined and homogenous grain, while that of 316L (clad metal) mainly consist of typical austenite with large deformation. A small amount of ultra-fine recrystallized grains has been found on the boundaries of deformed austenite with Cr content of about 26%.
Introduction
Pipeline is the most cost-effective way in oil and gas transportation over long distances. As is well known, there are abundant oil and gas resources in the ocean. The exploit and transportation of subsea gas and oil has become one of the most important research highlights, and corrosion protection of H 2 S/CO 2 is essential for offshore line pipe [1~3] . Stainless clad steel is a proper material to solve this problem, and with the good performance of strength and corrosion resistance, it has been widely used in metallurgy, electric power, petrochemical and other fields of serious erosion because of its excellent properties [4, 5] .
So far, researches and investigations on clad steel are mainly reported and applied for steel plate production, and lots of them still remain in the experiment stage [6] . However, there are plenty of differences between the deformation during rolling process, as well as the cooling process after coiling for clad coil production. Therefore, in this study, with the production practice of X65MO+316L clad coil, and characteristics of microstructure and properties have been introduced, in order to provide the theoretical basis and experimental data for development of stainless steel clad coil.
Materials and Methods
The test material is clad coil hot rolled on 2250mm hot continuous rolling line, with the base layer of offshore pipeline steel X65MO, and the clad layer of stainless steel 316L. The chemical compositions are shown in Table 1 . The slab was combined in a symmetrical way with welding seal around it, and then vacuumized to 1×10-1 Pa. After reheated to 1150~1200℃, the combined slab was rolled with TMCP two-stage-rolling technology, including finishing rolling temperature of 800~900℃and coiling temperature of 500~600℃. Samples were taken from the coil in the transverse direction, and tensile test for both base metal and the full thickness according to the requirement of "GBT6396-2008" using SHT4605 universal tensile testing machine. Charpy impact test has also been carried out using ZBC-600Cimpact testing machine. Bonding property was tested according to ASTMA264-2003, while inter-granular corrosion test was carried out according to GBT4334-2008 . Microstructures of clad coil were observed using SEM and TEM, and precipitates was analyzed using EDS. The mechanical properties of the experimental samples are shown in Table 2 .The yield strength reaches 530MPa for base metal while tensile strength reaches 605MPa, which can meet the requirement for X65MO according to API 5L specification. Especially, the base metal shows a great performance of toughness. Even with the half size samples, the impact energy reaches over 110J at -15℃, and remains almost the same at -30℃ with 100% of shear area. With the contribution of 316L clad steel to strength, the yield and tensile strength are 20MPa higher than that of base metal only, respectively. And as for the interfacial shear strength, the main performance index to evaluate interfacial bonding property between the base layer and the clad layer, reaches 420MPa, almost 2 times higher than the minimum shear strength210 MPa according to GB/T 8165-2008.
Results and Discussion

Mechanical Properties
Inter-granular Corrosion Property
Inter-granular corrosion property has been tested according to GBT4334-2008 . It is found that there is no crack on the bending surface after inter-granular corrosion test, which shows that under rolling technology employed in this article, the corrosion resistance performance of trialed produced clad coil is great. The microstructure of base metal mainly consists of quasi-polygonal ferrite (QF) and acicular ferrite (AF), shown in Fig. 2, a) . The grain is refined to the average size of about 5~10μm, with small round MA islands homogenously distributing on the matrix. Fig. 2, c) shows the typical acicular ferrite microstructure. Previous investigations have revealed that the acicular ferrite grains with different sizes grow up in different directions. However, no direction is in the dominate place; the reticular boundary of the pre-existing austenite grains disappears gradually, while some of the quasi-polygonal grain boundaries get across the original austenite boundaries and randomly interlace apparently, so the order and the directions are in mess [7] .This characteristic of AF contributes a lot to inhibit the crack propagation, and subsequently increased the toughness of X65MO base metal [8] . The high density of dislocation in AF (Fig. 2, d) , tangled with precipitate of (Nb,Ti) (C,N), helps the base metal to have a good performance in strength by precipitation hardening effect [9] .
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Microstructure and Inclusion near Bonding Surface Fig. 3 . Microstructure near bonding surface Through observation of microstructure near the bonding surface (Fig. 3) , it can be seen that the decarburized layer with a thickness of 40~60μm has formed and the carbide vanishes between the interface and normal X65MO microstructure, which has been widely investigated in the previous studies [10] . This is caused by carbon-diffusion from high concentration to stainless steel region in the process of heating and hot rolling. Fig. 4 , those oxides located at original metal surface (OMS)are mainly composed of O, Cr and Mn element in EDS analysis, which might be the spinel structure oxides formed under high oxygen partial pressure [11] .However, most of the oxide inclusions are smaller than 5μm, and according to investigation of Zhu [11] , in the case of light oxidation level, influence of OMS oxides on the mechanical properties should be very little due to its fine size and limited amount. This also explains the good bonding performance of the trial produced clad coil. 5 a) shows the microstructure of clad stainless steel, which mainly consists of austenite after dramatically deformation. Most of the grains have been lengthened along the rolling direction without enough recovery, and there are typical twinning structure (Fig. 5 b) with high density of dislocations within the grain and on the boundaries (Fig. 5 c) . In this study, an interesting phenomenon has also been found during the observation of microstructure for stainless steel 316L. As is shown in Fig. 6 , a small amount of ultra-fine grains has formed on the boundaries of deformed austenite. Energy spectrum analysis results reveals that the content of Cr in these grains reaches almost 26%, while that of the matrix is only less than 20%. As is well known, the microstructure of 316L remain in austenite status during hot rolling process because of the composition, thus phase transformation is impossible. Therefore, in this study, it is defined to be the recrystallization behavior of austenite. However, the deep reason for the composition variation should be investigated further in the future research.
Conclusions
1. X65MO-316L clad coil has been successfully trial produced by 2250mm hot continuous rolling line, which is applied for the manufacture of offshore line pipe. Combined mechanical properties, including tensile strength, impacting toughness and inter-granular corrosion resistance can meet the requirement of specification, especially the shear strength reaches 420MPa, which shows a good performance of bonding property.
2. The microstructure of base metal mainly consists of quasi-polygonal ferrite (QF) andacicular ferrite (AF),with small round MA islands homogenously distributing on the matrix. Overlapped grain boundaries and high density of dislocation in AF, tangled with precipitate of (Nb,Ti) (C,N) helps the base metal to have a good performance in strength.
3.Near the bonding surface, there is a decarburized layer with thickness about 40~60μm, as well as some refined oxides composed of O, Cr and Mn. However, most of the oxide inclusions are smaller than 5μm. So the influence on mechanical properties will be very little.
4. The microstructure of clad stainless steel mainly consists of dramatically deformed austenite with high density of dislocations and typical twinning structure. A small amount of ultra-fine recrystallized grains has been found on the boundaries of deformed austenite with Cr content of about 26%.
